The challenges and opportunities of the Brazilian electric sector show the necessity of the diversification of the energy matrix with other renewable energy sources, to attend the growing demand and improving energy security. In this context, energy efficiency and distributed generation represent an important purpose to meet the challenges related to the growing consumption of electricity in Brazil and to mitigate its impacts. The emphasis given in this work is the preparation of a project of energy efficiency with the implementation of a photovoltaic plant in a teaching and research institution, subject to the guidelines established by the National Electric Energy Agency -ANEEL. The results show that the energy saved and the reduction in peak demand, as well as the installation of the photovoltaic plant, will make the facility self-sufficient and result too improvement in the power quality parameters.
Introduction
The challenges and opportunities of the Brazilian electric sector, heavily dependent on hydropower (66%) and thermal (29%), whose current scenario of fall in reservoir levels and the systematic drive of thermoelectric plants powered by fuel oil, coal and/or natural gas, show the necessity for diversification of the energy matrix with other renewable energy sources. This strategy will collaborate with the growing demand, improving the energy security and reduce emissions of greenhouse gases. According Kitta Eitler [1] , Energy Efficiency is not just a technical issue, because it depends not only of technological advancement. In fact, it also involves the human and social aspects of energy utilization. The human aspect aims to reduce the waste of electricity and to spread the good spending habits among citizens. The technological side, in turn, aims at the development and adoption of more efficient technologies. Other aspect to observe is the distributed generation that represents the power generation located close to the final consumer, whose installation aims to attend this priority, and yet can generate marketable surplus energy beyond the end user facilities. Another point to highlight is the power generation as a whole, covering electricity and other energies. Together, these alternatives contribute an important part to attend the electricity demand in the country.
Purpose of the survey
The purpose of this article is to make a critical analysis of energy efficiency project (case study 
Specific purposes of the survey
 Analyze and propose changes in the current legislation on the Energy Efficiency Programs and Distributed Generation (micro and mini generation distributed);  Prepare an energy efficiency project integrated to a photovoltaic plant in a teaching and research institution, subject to the guidelines established by ANEEL for its development;  Propose new lines of action for the state government on energy efficiency and distributed generation, in addition to create new projects to the area of Concession CELG Distribution, considering the requirement of investment and current energy scenario of the country.
Case Study
The project as a case study will be applied to the Federal Institute of Education, Science and Technology of Goiás -IFG Campus Goiânia, which is a consumer framed in "public authorities" category. This work will evaluate the importance and the technical and economic viability of actions to decrease the waste of electricity and improving the energy efficiency of equipments, processes and end-uses of energy as well as evaluate the energy and environmental gains through the installation of a photovoltaic plant on the flat roofs of the consumer.
Project Stage

-Step 1 -Electrical Installation Diagnosis
The project includes a preliminary assessment for the implementation of energy efficiency action and additionally the installation of a photovoltaic plant on the flat roofs of the IFG Campus Goiânia. The previous report contains a detailed description of each energy efficiency action and its implementation, the amount of investment, energy efficiency, demand reduction at the tip, feasibility analysis, measurement strategy and verification to be adopted, as well as analysis of the results of studies for the implementation of photovoltaic plant.
Aspects of power quality from measurements made by the local power distributor is analyzed, covering the following parameters: voltage (V); current (A); frequency (Hz); power factor; active power (W); reactive power (VAR); apparent power (VA); total harmonic distortion of voltage (THDV); total harmonic distortion of current (THDI); harmonic components of voltage and current; and sag or swell.
-Step 2 -Energy Efficiency and Plant Photovoltaic Installation
This stage is the implementation of the project of energy efficiency in IFG Campus Goiânia, as defined preliminarily, involving the replacement or improvement of the energy performance of equipments and use of energy systems. A technical and economic feasibility analysis to installation of a photovoltaic plant was conducted by (PELLAGIO) [5] . The results and general data are presented in Table I . May be note and highlight the ability of annual generation of the 790MWh that corresponds to 96% of consumption of the installation in 2015. The association of the plant with the energy efficiency project results in a new consumer profile and hiring energy supply and demand. These benefits may redirect to other consumer units, as shown in Figure 1 [Brazilian Association of Distributed Generation]. 
-Step 3 -Analysis of available data
To prepare the energy efficiency project were collected data about the lighting systems, air conditioning and power systems. The building consists of eight blocks and common areas as shown in Figure 2 . The tables II and III summarize the collected data. 
-Calculation Methodology of Lighting System
The calculation of the estimate of the coincidence factor in tip (FCP) that represents the lighting loads which are simultaneously used at that time may be obtained by (1) In equation (1) nm is the number of months trhoughout the year, for use in peak hours (≤12 months); nd represents the number of days throughout the month of use in peak hours (≤22 days); nup are the hours of use in peak hours (≤3 hours); and 792 is the number of peak hours available over 1 year.
Once obtained the FCP, the energy reduction in peak demand can be calculated by
In equation (2) RDP corresponds the reduction in peak demand (kW); FCPai is the coincidence factor on the tip in the current system i; and FCPpi represents the coincidence factor on the tip in system proposed i. The result obtained from the equation (2) is important in the analysis of the cost-benefit of energy efficiency project. The project also contributes to energy saving, which is obtained from the difference between the amount of energy the current system and the improved system and is expressed as
In equation (3), EE is the energy savings (MWh/year); qa i is the number of lamps in the current system i; pa i is the lamp and ballast power in the current system i (W); ha i corresponds to the operation time of the current system i (h/year); qp i is the number of lamps in the proposed system i; pp i is the lamp and ballast power in the proposed system i (W); hp i is the operation time of the proposed system i (h/year). For the calculations are considered 6544 the total of 6680 lamps, since some lamps are already efficient. 
-Calculation Methodology of Air-conditioning system
The benefits to be obtained from the project taking into account the air conditioning systems follow the same procedures used in lighting systems. Thus the demand for reduction in tip time is obtained from
In equation (4), RDP corresponds to the reduction in tip demand (kW); FCPa i is the coincidence factor on the tip in the current system i; FCPp i is the coincidence factor on the tip in system proposed i. Thus, the energy saving is obtained by
In equation (5), qa i represents the amount of apparatus in the current system i; Pua i is the average power of the apparatus on the current system i (kW); ha i corresponds to the operation time of the current system i (h/year); qp i represents the number of devices in the proposed system i; Pup i is the average power of the apparatus of the proposed system i (kW); hp i is the operation time of the proposed system i (h/year).
For the calculations are considered 179 of the total of 204 equipments raised during the energy diagnosis, once some are already efficient. The Table V shows the total air conditioners to be replaced and by what type.
Cost-Benefit Relation -RCB
The economic feasibility analysis of the energy efficiency projects, as Module 7 PROPEE ANEEL, provides for the calculation and analysis of annual costs and benefits and must meet a feasibility condition for it to be implemented properly [xx] . Thus, the annual cost (CA T ) is calculated using
where CA n corresponds to anual costs of each equipment (R$/year) and is obtained by (7) In equation (7) CE n is the cost of each equipment (R$); CT is the total project cost (R$); FRC u is the capital recovery factor for u years (1/year); u corresponds to useful life of the equipments (years); CE T is the total cost of equipments (R$), and is given by
The capital recovery factor takes into account the discount rate i (1/year) and the useful life of the equipments, and relates these quantities through
The calculation of benefits should be evaluated on the point of view of the electric power system by assigning monetary value to energy savings and demand reduction by the system tariff. Thus the annual benefit (BA T ) (R$/year) is calculated by If the project has more than one system (lighting, refrigeration, etc.) each of these end uses must have its RCB calculated. It should also be introduced to RCB of global project, considering the sums of the costs and benefits. The calculation of Cost-Benefit RCB relationship is then obtained by
For energy efficiency projects that include a photovoltaic plant in the consumer unit, the cost-benefit ratio RCB should be less than or equal to 0.8 to be considered economically viable. The calculation of the RCB of the total project will be calculeted with the relationship (12) In (12) equation BA CG is an annual benefit of generating plant (R$/year). From the presented so far, the results are summarized in Table VI , considering the RCB for each system and the RCB of the total project. For these reasons it is noticeable the contribution of each project system, where there are the contributions of the lighting system and photovoltaic plant to the system efficiency, where is clear that the benefits outweigh the costs. It is also appropriate to state that the improvement in the legislation of these programs is needed, since the greatest amount of resources (60%) is for consumers classified as low-income and these account for only 4% of total electricity consumption in Brazil.
Still one has to consider that the Normative Resolution 482 from ANEEL, which deals with micro and minigeneration distributed in Brazil and created the compensation system (Net Metering) was updated in November 2015. With the proposed updates, projections indicate the possibility of in the 2023 scenario, the country record 702,000 connections, totaling 2.6 GW in installed capacity of distributed generation. Despite the potential and promising scenarios, the review of the resolution 482 is just the beginning of this process. There are difficulties that limit the expansion of distributed generation and are necessary regulatory and tax incentives such as the reduction of equipment import fees and taxes levied in the electricity generation. If added the factors and macroeconomic and energy scenarios of Brazil today, the challenges for the consolidation of distributed generation become somewhat uncertain.
-Power Quality Measurement
During the last fifteen days of October month it was held the power quality measurement delivered by the power distributor. The electrical parameters measured were the voltage, current, total harmonic distortion voltage, rate of harmonic current distortion, active power, reactive power and apparent power, corresponding to Figure 1 -8, respectively. As evidenced by the measurement, the recorded voltage levels during the sampling period, presented pursuant to regulation (Module 8 -Power Quality of Electricity Distribution Procedures in the National Electric System -PRODIST). Regarding to the harmonic current distortion (THD) recorded during the measurement an acceptable distortion index was obtained. Similarly, the total voltage harmonic distortion levels (THDV) showed accordance with the standard. Thus, the energy provided by the local concessionaire of energy -CELG D is in conformity with the Brazilian Standardization, from the point of view of voltage levels and the waveform. With the implementation of the project it is expected that the power quality aspects remain within of the limits established by Brazilian regulation.
Conclusion
This article aims to present the results of the development of an energy efficiency project with the implementation of a photovoltaic plant in a teaching and research institution, subject to the guidelines set by ANEEL for its elaboration.
The results so far lead to the conclusion that energy savings and demand reduction avoided at peak times, provided by the energy efficiency project and the photovoltaic generation, that the installation can to become self-sufficient and indicates the improvement of the power quality parameters. It is also important to mention that the implementation of this project will serve as a reference for other consumers join to the Energy Efficiency Program, and indicates the need for adequacy of Brazilian legislation to encourage distributed generation of electricity through renewable sources.
